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Isolation  of  a  Hantavirus  from  a  Severely  III  Patient  with  Hemorrhaj'ic  Fever  with 
Renal  Syndrome  in  Greece 


Attention  has  recently  been  drawn  to  a  severe  form  of 
hemorrhagic  fever  with  renal  syndrome  (HFRS)  found  in 
the  Balkan  region  of  Europe  [1-4).  This  disease  is  charac¬ 
terized  by  fever,  abdominal  or  back  pain,  conjunctival  in¬ 
jection,  renal  insufficiency,  and  a  significant  mortality  rate 
(currently  estimated  to  be  ~14%  in  Greece  (51).  The  dis¬ 
ease  resembles  Korean  hemorrhagic  fever  (KHF-)  of  Ko¬ 
rea  and  epidemic  hemorrhagic  fever  (EHF)  of  China, 
rather  than  the  milder  nephropathia  epidemica  (NE)  of 
Scandinavia  and  Western  Europe  [5,  61.  Patients  who  have 
recovered  from  this  disease  possess  antibodies  that  react 
to  highest  titers  with  Flantaan  virus,  the  cause  of  KFIF 
and  EFIF,  rather  than  with  Puumala  or  Seoul  viruses,  the 
other  known  causes  of  FIFRS  (4,  51.  We  have  pieviously 
suggested  (4),  based  on  serological  and  epidemiological 
studies,  that  the  disease  found  in  Greece  may  be  caused 
by  a  virus  closely  related  or  identical  to  the  prototype  Flan¬ 
taan  virus.  In  this  communication,  we  report  the  isola¬ 
tion  of  a  hantaviru.s  from  the  urine  of  a  severely  ill  patient 
with  HFRS  who  was  infected  in  northern  Greece  and  the 
preliminary  serological  evidence  to  suggest  that  this  virus 
represents  a  unique  strain  of  hantavirus  that  is  closely 
related  to  the  prototype  Hantaan  virus. 

Patient  and  Methods 

Patient.  A  21-year-old  tnale  soldier  with  a  history  of 
chronic  peptic  ulcer  was  adtnitied  to  the  General  Military 
Hospital  of  Thessaloniki  on  28  March  1986  with  a  three- 
day  history  of  fever  (39  C),  nausea,  vomiting,  diarrhea, 
weakness,  myalgia,  backache,  and  abdominal  pain.  He  had 
been  a.s.signed  to  a  military  post  near  the  v  illage  of  Poro- 
gia  in  northern  Greece  before  the  onset  of  disease.  On 
physical  examination  there  were  conjunctivitis,  edematous 
eyelids,  facial  flushing,  and  “coFfee-ground"  vomit.  The 
patient’s  heart  and  lungs  were  normal.  The  abdomen  was 
diffusely  sensitive  to  palpatation  but  was  not  rigid.  The 
patient’s  arterial  blood  pressure  was  40/30  mm  Hg,  his 
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pulse  was  100  per  minute,  and  his  central  venous  pressure 
was  5  cm  of  H,0.  l  aboratory  evaluation  done  at  admis¬ 
sion  showed  a  hematocrit  level  of  59Vu  and  a  w  hitc  blood 
cell  count  of  18.770/mm',  with  60“'o  segmented  neutro¬ 
phils,  16'’/o  small  lymphocytes,  lO^/o  large  lymphocytes,  8®'o 
monocytes,  and  bt'o  eosinophils.  Nasogastric  suction  pro¬ 
duced  300  ml  of  turbid,  brownish  liquid;  a  urinary  cathe¬ 
ter  drained  120  ml  of  blood-stained  urine  during  the  First 
24  hr  of  hospitalization. 

Over  the  next  48  hr.  the  patient's  clinical  condition  de¬ 
teriorated,  and  he  developed  pulmonary  edema  and  skin, 
nasal,  and  gastrointestinal  hemorrhages.  Gastroscopy  re¬ 
vealed  ulceration  of  the  lower  third  of  the  esophagus  and 
diffuse  hemorrhagic  gastritis.  Because  of  progressive  re¬ 
nal  failure  and  the  clinical  evidence  of  disseminated  in¬ 
travascular  coagulation,  the  patient  was  transferred  to  the 
renal  unit  of  the  American  Hellenic  Educational  Progres¬ 
sive  Association  Hospital  (Thessaloniki)  on  31  March  1986. 
Renal  hemodialysis  was  begun  via  an  external  shunt;  this 
procedure  led  to  an  initial  clinical  improvement.  On  the 
second  day  in  the  renal  unit  (seventh  day  after  onset),  how¬ 
ever,  the  patient’s  clinical  picture  worsened  because  of 
recurrent  and  persistent  pulmonary  edema.  The  patient 
was  then  transferred  to  the  intensive  care  unit,  where  he 
received  artificial  ventilation.  Hemodialysis  was  continued 
for  14  hr,  with  removal  of  7  liters  of  fluids.  Supportive 
treatment  included  administration  of  theophylline, 
hydrocortisone,  sodium  bicarbonate,  digoxin,  and  calcium 
gluconate.  The  patient  gradually  improved  with  daily 
hemodialysis  and  respiratory  support.  He  remained  in  in¬ 
tensive  care  for  20  days,  then  was  transferred  to  a  general 
medicine  ward  for  convalescence.  At  that  time  the  patient’s 
urine  output  was  2,500  ml/24  hr.  his  creatinine  level  was 
2.1  mg/100  ml,  and  his  level  of  blood  urea  nitrogen  was 
87  nig.'ioC  ml.  On  24  April  1986  (31st  day  after  onset), 
the  patient  was  discharged.  Six  months  later,  he  exhibited 
no  clinical  sequelae,  and  laboratory  test  results  had 
returr.ed  to  normal. 

Serum  draw  n  on  the  seventh  and  13th  days  after  the  on¬ 
set  of  disease  had  IgG  antibody  titers  of  512  and  4,096. 
respectively,  when  tested  by  indirect  immunofluorescent 
antibody  (IF-A)  assay  for  Hantaan  virus.  The  IgM  titer  by 
IFA  on  day  7  after  onset  was  1,024. 

Isolation  ofvini.s.  Both  whole  blood  and  urine  were 
obtained  on  the  seventh  day  of  illness,  when  the  patient 
improved  slightly  after  the  initial  dialysis  treatment.  One- 
milliliter  aliquots  of  blood  were  inoculated  onto  Veto  E-6 
(ATCC  CRL  1586)  cells  grown  in  25-cnE  plastic  flasks. 
Inoculated  Basks  were  incubated  at  37  C  for  15  days,  then 
the  cells  were  suspended  with  trypsin  and  passed  to  fresh 
flasks.  While  suspended,  some  cells  were  used  to  prepare 
10-well  spot  slide,s,  which  were  then  fixed  in  cold  acetone 
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and  examined  tor  eliaraeteristie  hantavirus  antigen  bj'  II'A 
assays  with  human  antibody  to  Hantaan  virus.  A  total  of 
6  ml  of  urine  was  collected  from  the  patient’s  catheter  and 
immediately  alkali/ed  with  sodium  bicarbonate.  Aliquots 
of  0.25,  0.5,  1.0,  and  1,5  ml  of  urine  were  inoculated  into 
separate  25-cm’  flasks  of  Vero  L-6  cells  in  the  presence 
of  8  ml  of  growth  medium.  Inoculated  llasks  were  in¬ 
cubated  for  15  days  at  .17  C,  then  cells  were  suspended, 
passed  to  fresh  llasks,  and  10-well  spot  slides  prepared  and 
examined  for  characteristic  hantavirus  cytoplasmic  lluores- 
cence  by  using  reference  antibodies  to  Hantaan  virus. 
When  nearly  lOO^'o  of  the  inoculated  cells  expressed  char¬ 
acteristic  cytoplasmic  lluorescence  by  IF.A,  supernatant  cul¬ 
ture  lluids  were  titrated  by  plaque  assay  on  Vero  E-6  cells, 
and  plaque-reduction  P'n'tr'>h7ation  (PRNi  tests  were  per¬ 
formed  as  described  below.  Isolation  attempts  were  con¬ 
sidered  negatire  if  characteristic  hanias  irus  antigen  was 
not  delected  by  H  A  after  50  days  of  serial,  blind  passage. 

Charucterization  of  virus.  Virus  isolated  from  urine 
was  characteri/ed  by  cross-lFA  and  -I’RN  tests  and  for 
reactivity  w  ith  reference  immune  sera  and  monoclonal  an- 
libodies  produced  to  prototype  Hantaan  virus,  strain 
76-118.  Immunonuorescem-amibody  assays  used  Vero  E-6 
cells  that  had  been  infected  with  various  hantaviruses,  fixed 
to  10-well  spot  slides,  and  stored  at  -  20  C  before  use.  Ref¬ 
erence  or  test  sera  'were  examined  at  dilutions  of  1.8- 
>1  ;2.048  in  fourfold  increments;  sera  were  considered  posi¬ 
tive  if  characteristic  cytoplasmic  llucrescence  was  observed. 
Reference  control  sera  included  convalescent  serum  from 
a  patient  wit*'  KHF  who  was  infected  in  Korea,  convales¬ 
cent  serum  from  a  patient  with  NE  who  was  infected  in 
Sweden,  convalescent  sera  from  several  Greek  patients  with 
HFRS  who  had  previously  been  diagnosed  in  our  labora¬ 
tories,  and  sera  obtained  from  laboratory  rats  experimen¬ 
tally  infected  with  Seoul  virus.  Viru.ses  tested  included  the 
prototype  strain  of  Hantaan  virus,  strain  76-118;  Puumala 
virus,  strain  8.1-2231.;  and  Seoul  virus,  strain  80/30.  PRN 
tests  were  done  on  Vero  E-6  cells,  according  to  procedures 
described  previously  [6],  by  using  the  same  viruses  and 
antisera  described  above.  Tiler  was  recorded  as  the  recipro¬ 
cal  of  the  highest  serum  dilution  reducing  >50'’’o  of  the 
plaque  dose.  Spot  slides  of  Vero  E-6  cells  infected  with 
the  human  isolate  from  Greece  were  tested  by  IFA  with 
several  monoclonal  antibodies  produced  to  Hantaan  vi¬ 
rus  strain  76-118. 


Hantavirus-specific  antigen  was  found  only  in  cells  inoc¬ 
ulated  w  ith  0.5  ml  of  our  patient's  urine.  At  15  days  after 
inoculation.  'X'5®'o  of  the  cells  exhibited  characteristic  cy¬ 
toplasmic  nuorescence  when  tested  by  IFA.  On  subsequent 
passage,  the  percentage  of  cells  expressing  antigen  rose  to 
20'^o-25®'o  at  the  second  passage  and  to  virtuall.v  lOO'^'o 
by  the  fifth  passage.  Spot  slides  prepared  with  cells  infected 


with  the  isolate  were  then  tested  with  immune  sera  or  w  iih 
monoclonal  antibodies  to  Hantaan  virus  or  other  han¬ 
taviruses.  As  show  n  in  table  1,  high  liters  vveie  seen  by  IFA 
when  human  immune  sera  were  tested  w  ith  either  the  Greek 
isolate  or  the  prototype  Hantaan  virus.  Similar,  although 
not  identical,  reactivity  was  noted  when  Hantaan  virus  and 
the  Greek  isolate  were  tested  with  six  monoclonal  anti¬ 
bodies  to  Hantaan  virus. 

The  isolate  was  next  compared  with  several  other  han¬ 
taviruses  in  cross-PRN  tests.  Results  of  these  comparisons 
are  shown  in  table  2.  The  Greek  isolate  reacted  to  equiva¬ 
lent  liters  with  both  the  patient's  immune  serum  and  im¬ 
mune  sera  from  rats  experimentally  infected  with  Seoul 
virus;  the  isolate  reacted  to  lower  liters  with  immune  se¬ 
rum  from  a  patient  with  KHF.  Prototype  Hantaan  virus 
reacted  to  only  a  twofold  higher  tiler  when  tested  w  ith  the 
convalescent  serum  from  a  patient  w  ith  KHF  as  compared 
with  our  patient’s  convalescent  serum  and  to  substantially 
lower  tiler  with  the  rat  antiserum  to  Seoul  virus.  Neither 
virus  reacted  to  significant  liters  to  immune  scrum  from 
a  patient  with  NE,  nor  did  antibody  to  these  v  iruses  react 
to  high  liter  with  Puumala  virus. 

Both  the  Greek  isolate  and  the  prototype  Hantaan  vi¬ 
rus  were  next  tested,  by  PRN  tests,  with  convalescent  seta 
from  a  number  of  Greek  patients  with  severe  HFRS  w  ho 
had  been  diagnosed  in  our  laboratories  over  the  past  five 
years.  Results  of  these  tests  are  also  shown  in  table  2,  In 
most  caSsS,  the  highest  liters  were  found  with  the  Greek 
isolate  rather  than  with  Hantaan  virus. 

We  conclude  from  these  results  that  the  virus  recovered 
from  this  critically  ill  patient  was  a  hantavirus  that  was 
closely  related  to  prototype  Hantaan  virus.  Sufficient  sero¬ 
logical  distinction  was  found  to  suggest  that  the  virus  iso¬ 
lated  represents  a  unique  strain  among  the  hantaviruses. 


Table  1.  Antibody  liters,  by  IFA,  to  Hantaan 

virus  and 

to  the  Greek  isolate. 

Antibody  tilers  to 

Hantaan 

Greek 

.Sera 

virus 

isolate 

Irnmune  sera  from  paiicni 

with  KHF 

8,192 

4,096 

Immune  sera  from  C'lreek  paiieni 

Day  7 

512 

NT*  - 

Day  U 

4,096 

sj92  8’or 

Monoclonal  antibodies  to 

T 

Hantaan  virus 

HC02-BHII 

>2,048 

>2,048 

BD01-BB08 

>2,048 

>2,048 

EC02-BG0I 

>2,048 

>2,048  ■ 

JDl)4-AC06 

512 

>2,048  - 

FD0.1-AAI1 

512 

512 

CiD05-BB09 

32 

512 - 

*on/ 

*  NT,  not  tested. 
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Table  2.  PRN  tests  with  Hantaan  \iriis,  Seoul  \irus,  Puumala  virus,  anil  the  liriis  Irotn  our  patient  with  HI  RS, 
and  a  eomparison  ol  antibody  titers  to  Hantaan  virus  and  the  Cireek  isolate  with  sera  from  preiiously  diagnosed 
Greek  patients  with  HI  RS. 


Antibody  tilers  lo 


Sera 

Hantaan  virus 

Seoul  virus 

Pituinala  virus 

Cireek  isolate 

Immune  sera  from  patient  with  KHI- 

2,048 

<8 

64 

256 

Rat  antisera  to  Seoul  siriis 

2.S6 

2.1)48 

<16 

1.024 

Imnuine  sera  from  patient  with  NF 

Sera  from  patient  studied 

<8 

<8 

1 .1124 

16 

Day  14 

1,024 

<8 

42 

1.024 

Day  24 

Sera  from  pre'iously  diagnosed  patients 
Patient  .4 

42 

<8 

<8 

512 

Day  8 

64 

Nf 

Nl 

512 

Day  106 

Patient  8 

128 

Nl 

NI 

2.048 

Day  14 

1  ,lt24 

NT 

NT 

2.048 

Day  24 

Patient  l.t 

,42 

NI 

NT 

512 

Day  20 

128 

NT 

NT 

2,048 

Day  .Ts 

256 

NT 

NT 

512 

Patietii  1-S,  day  28 

256 

NT 

NT 

256 

Paiietii  18.  day  10 

1 ,024 

NT 

NT 

2.048 

NOTF.  Data  are  the  reciprocal  of  the 

hil:hc^(  dllulion  ncuirali/int*  ol'  ihc  plaque 

dose  t'v.HX)  pfu). 

NT,  not  tested. 

W'e  propose  the  name  Porogia  virus  for  this  strain  of  han¬ 
tavirus.  after  the  loeation  in  Greeee  where  this  patient  was 
likely  to  have  been  infeeted. 


Discussion 

This  is  the  first  detailed  case  history  of  the  severe  form 
of  HFRS  as  it  occurs  in  Greece.  Although  distinct  phases 
that  have  been  identified  in  Asian  patients  with  HFRS  were 
not  recognized  as  such  in  this  ca.se  history,  it  is  clear  that 
this  patient  suffered  a  course  of  illness  virtually  identical 
to  that  seen  with  severely  ill  patients  in  Asia  [7,  8|.  The 
acute  onset  of  febrile  illness  was  followed  by  hypotension, 
oliguria,  and  hemorrhage,  with  diuresis  heralding  improve¬ 
ment,  albeit  with  a  prolonged  convalescence.  At  admis¬ 
sion,  the  patient  was  already  hypotensive  and  in  shoek. 
The  hemorrhagic  manifestations  seen,  which  continued 
into  the  oliguric  phase,  were  consistent  with  previous 
reports  from  Asian  patients.  The  initial  presentation  was 
confusing  because  the  patient  had  a  history  of  chronic  pep¬ 
tic  ulcer  disease,  but  endoscopy  established  esophageal  ul¬ 
ceration  and  diffuse  gastritis  as  sites  of  hemorrhage. 

It  is  apparent  that  the  virus  recovered  from  the  patient 
was  responsible  for  the  disease  seen.  The  patient  devel¬ 
oped  rising  antibody  titers  to  the  isolated  agent,  and  the 
clinical  illness  was  consistent  with  that  typically  a,s.socialcu 
with  liantavirus  infections.  No  other  hantaviruses  were  be¬ 


ing  handled  in  the  laboratory  at  the  time  of  the  isolation, 
a  situation  ruling  out  the  chance  that  the  isolate  was  a  lab¬ 
oratory  contaminant. 

Serological  eomparison  of  the  isolated  virus  to  other 
hantaviruses  establishes  it  as  a  member  of  this  group.  Al¬ 
though  the  IFA  test  results  revealed  little  difference  be¬ 
tween  the  isolate  and  Hantaan  virus,  the  more  specific  PRN 
tests  demonstrated  sufficient  differences  to  suggest  that 
the  isolated  virus  represents  a  unique  strain  of  hantavi¬ 
rus;  however,  additional  genetic  analyses  are  required  lo 
establish  the  precise  relationship  of  the  isolate  to  the  pro¬ 
totype  Hantaan  virus  [9). 

A  comparison  of  PRN  titers  to  both  Hantaan  virus  and 
the  Greek  isolate  with  liters  of  convalescent  sera  from  pa¬ 
tients  previously  diagnosed  with  severe  HFRS  found 
highest  titers  lo  the  Greek  virus,  a  result  suggesting  that 
this  virus  mav  have  been  responsible  for  many  of  these 
cases  (1,  J-Sj. 
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